Leprosy elimination has been a goal of the WHO for the past 15 years. Widespread BCG vaccination and multidrug therapy have dramatically reduced worldwide leprosy prevalence, but new case detection rates have remained relatively constant. These data suggest that additional control strategies, such as a subunit vaccine, are required to block transmission and to improve leprosy control. We recently identified several Mycobacterium leprae antigens that stimulate gamma interferon (IFN-␥) secretion upon incubation with blood from paucibacillary leprosy patients, a group who limit M. leprae growth and dissemination. In this study, we demonstrate that M. leprae-specific mouse T-cell lines recognize several of these antigens, with the ML0276 protein stimulating the most IFN-␥ secretion. We then examined if the ML0276 protein could be used in a subunit vaccine to provide protection against experimental M. leprae infection. Our data demonstrate that combining ML0276 with either a Toll-like receptor 4 (TLR4) (EM005), TLR7 (imiquimod), or TLR9 (CpG DNA) agonist during immunization induces Th1 responses that limit local inflammation upon experimental M. leprae infection. Our data indicate that only the ML0276/EM005 regimen is able to elicit a response that is transferable to recipient mice. Despite the potent Th1 response induced by this regimen, it could not provide protection in terms of limiting bacterial growth. We conclude that EM005 is the most potent adjuvant for stimulating a Th1 response and indicate that while a subunit vaccine containing the ML0276 protein may be useful for the prevention of immune pathology during leprosy, it will not control bacterial burden and is therefore unlikely to interrupt disease transmission.
Leprosy, which is caused by infection with Mycobacterium leprae, can manifest across a wide spectrum of disease symptoms. Through the use of clinical, histopathological, and immunological diagnoses, five forms of leprosy have been characterized: lepromatous (LL), borderline lepromatous (BL), mid-borderline, borderline tuberculoid (BT), and tuberculoid (TT) leprosy (53, 56) . Multibacillary (MB) patients, encompassing the BB, BL, and LL forms, are characterized as having multiple skin lesions largely devoid of functional lymphocytes. At the extreme MB pole, LL patients demonstrate high titers of anti-M. leprae antibodies but an absence of specific cellmediated immunity (53) . In the absence of a strong cellular immune response, LL patients do not control bacterial replication and have high bacterial indices (BI). It is still unclear why these patients do not mount effective cell-mediated immunity, but factors such as ineffective initial antigen presentation or priming of Treg cells may contribute. In marked contrast, paucibacillary (PB) leprosy patients, encompassing the BT and TT forms, are characterized as having one or few skin lesions and granulomatous dermatopathology with a low or absent BI. At the extreme PB pole, TT patients demonstrate specific cell-mediated immunity against M. leprae and have a low BI. Control of bacterial growth by PB patients indicates that these individuals mount an effective immune response against M. leprae infection. Identifying antigens that are the targets of this cell-mediated response and presenting them in a potent fashion with appropriate immune stimulation with adjuvants are likely to be the keys to effective vaccination against leprosy.
The WHO has promoted the widespread availability of drug cocktails for the standard care of patients diagnosed with leprosy. The multidrug therapy (MDT) program has been an overall success in reducing the prevalence of leprosy to the level of new cases detected annually, at ϳ250,000 cases, from levels as high as 12 million cases per year only 20 years ago. Despite this success, complications can and do arise-treatments are long (6 to 24 months), relapse rates in some areas are unacceptably high (22) , and drug resistance is emerging (11, 31, (37) (38) (39) . While MDT remains effective in the majority of cases, the widespread emergence of drug-resistant M. leprae could have catastrophic consequences and undo the efforts of the last 20 years. These concerns and the now stagnant decline in new cases indicate that additional control strategies, such as a vaccine, are necessary to eliminate leprosy.
Vaccination to prevent infection with M. leprae has been performed. The most common vaccine strategy has been to immunize individuals with M. bovis BCG, conferring crossprotection against leprosy and tuberculosis. BCG vaccination to prevent leprosy has been efficacious, but the degree of protection has varied dramatically between studies (57) . It is likely that, as with tuberculosis, protection afforded by BCG vaccination wanes over time. Many other whole bacteria have been examined for leprosy vaccine potential in mice, with several related mycobacteria conferring some degree of protection (46, 54, 59) . The widespread use of a live bacterial vaccine is limited by concerns over safety and the inability to manufacture large, reproducible batches. The use of heat-killed M. leprae or crude M. leprae antigens, both of which confer protection in mice, is severely restricted by the inability to produce sufficient quantities of M. leprae to supply vaccine for a significant intervention campaign (23, 25, 26, (42) (43) (44) . Some recombinant antigens have been shown to confer protection in mice, although many results are inconsistent. Most of these antigens, however, have not been evaluated in leprosy patients, and several are unlikely to be approved for use in humans due to their high homology with human proteins (9, 24, 40, 44, 45) .
Following the recent completion of M. leprae and other mycobacterial genomes, molecular biology and bioinformatic tools have revealed M. leprae-specific antigens that may be used for leprosy diagnosis or vaccination (12, 20, 27, 49) . Our own recent investigations identified several antigens that are recognized by immune cells of PB patients, suggesting that these antigens may be targets of an immune response associated with limited or localized disease (20) . These antigens may be the key to producing an effective subunit vaccine against leprosy.
Of our recently identified antigens, ML0276 yielded the highest percentage of responders and the highest median gamma interferon (IFN-␥) response when evaluated against Brazilian PB leprosy patients (20) . The current study was designed to explore the vaccine potential of the ML0276 protein.
We compared the immune responses to this protein when various Toll-like receptor (TLR) ligands were used as adjuvants to enhance the response and examined the protective efficacy of the most potent vaccine regimen.
MATERIALS AND METHODS
Mice. Female C57BL/6 (B6) mice were purchased from Charles River Laboratories (Wilmington, MA) and maintained under specific-pathogen-free conditions in the animal facilities of the Infectious Disease Research Institute (IDRI), Seattle, WA, or National Hansen's Disease Programs (NHDP), Baton Rouge, LA. All mice entered experiments at 6 to 8 weeks of age. All animal procedures were approved by the institutional animal care and use committee.
M. leprae inoculations. Live M. leprae bacilli (Thai-53 strain) were extracted from the footpads of nu/nu mice at NHDP and were enumerated by direct microscopic counting of acid-fast bacilli according to the method of Shepard and McRae (58) . Bacilli were used immediately at NHDP or shipped overnight on ice to IDRI for inoculations. The viability of all M. leprae used in these studies exceeded 80%, as judged by staining and radiorespirometry (36) . Heat-killed M. leprae (HKML) was obtained by heating bacilli at 60°C for 30 min and then quenching them on ice. Mice were inoculated either by intradermal injection of 1 ϫ 10 6 bacilli into the ear pinnae or by subcutaneous (s.c.) injection of 1 ϫ 10 4 bacilli into the footpads. Cell preparations. Single-cell suspensions were prepared from the draining lymph nodes (DLN) (auricular), ears, and spleens. Spleens and LN were disrupted between frosted slides, and erythrocytes were removed by lysis in 1.66% NH 4 Cl solution. Mononuclear cells were enumerated using either a hemocytometer or a ViaCount assay with a PCA system (Guava Technologies, Hayward, CA).
Cell line stimulations. Cell lines were generated from spleen cells of M. leprae-infected mice. In the first stimulation round, single-cell suspensions were prepared in RPMI 1640 supplemented with 5% heat-inactivated fetal calf serum and 50,000 U penicillin-streptomycin (Invitrogen, Carlsbad, CA) and were seeded at 5 ϫ 10 6 cells per well in 48-well plates. Cells were incubated in the presence of 2 g/ml M. leprae cell sonicate (MLCS; kindly provided by John Spencer, Colorado State University, through NIH contract N01 AI-25469) for 5 days, and then cultures were supplemented with 2 ng/ml interleukin-2 (IL-2). After 10 to 12 days, cells were washed and counted and underwent one or two further stimulation rounds. In the restimulation rounds, spleen cells were prepared from uninfected mice and 2 ϫ 10 6 cells incubated in 48-well plates overnight to permit binding of adherent cells. Nonadherent cells were removed by gentle pipetting, and 2 ϫ 10 5 cells of each cell line were added to the adherent cells. Cells were incubated with 2 g/ml MLCS, supplemented with 2 ng/ml IL-2 after 5 days and an additional 0.5 ng/ml IL-2 after 10 days. Cell lines were used to assess antigen specificity after 15 days.
To determine antigen specificity, spleen cells from uninfected mice were seeded at 5 ϫ 10 5 cells per well in 96-well plates and allowed to adhere overnight. The next day, nonadherent cells were gently removed and cell lines were added at 5 ϫ 10 4 cells per well with 10 g/ml crude or recombinant antigen (MLCS, M. leprae membrane antigen, M. leprae cell wall antigen, or M. leprae secreted antigen; kindly provided by John Spencer, Colorado State University, through NIH contract N01 AI-25469). Culture supernatant was collected after 4 days, and IFN-␥ content was determined by enzyme-linked immunosorbent assay (ELISA) following the manufacturer's instructions (eBioscience, San Diego, CA).
Immunizations and cell transfers. Recombinant ML0276 protein was formulated with various TLR ligands to provide a final protein concentration of 100 g/ml. Antigen was mixed with adjuvant to provide a final adjuvant concentration of either 250 g/ml CpG ODN 1826 (CpG; Coley Pharmaceuticals, Ottawa, Ontario, Canada), 250 g/ml imiquimod (IMQ; 3M Pharmaceuticals, Minneapolis, MN), or 200 g/ml EM005 (IDRI) (7). All mice were immunized three times by s.c. injection of 0.1 ml of vaccine at the base of the tail at 2-to 3-week intervals.
To determine if immune cells could transfer protection, single-cell suspensions were prepared from the spleens of immunized or previously infected mice and 1 ϫ 10 7 cells transferred to recipient mice by intravenous injection in the tail vein. One day after cell transfer, recipient mice were infected with 1 ϫ 10 6 M. leprae cells in each ear, and DLN cell numbers were determined 15 weeks later.
Antibody analyses. Individual mouse sera were analyzed by antibody capture ELISA. Briefly, ELISA plates (Nunc, Rochester, NY) were coated with 1 g/ml recombinant antigen in 0.1 M bicarbonate buffer and blocked with 0.1% bovine serum albumin-phosphate-buffered saline. Then, in consecutive order and following washes in phosphate-buffered saline-Tween, serially diluted serum samples, anti-mouse immunoglobulin G (IgG) conjugated to horseradish peroxidase (Southern Biotech, Birmingham, AL), and 2,2Ј-azinobis(3-ethylbenzthiazolinesulfonic acid)-H 2 O 2 (ABTS-H 2 O 2 ; Kirkegaard and Perry Laboratories, Gaithersburg, MD) were added to the plates. Plates were analyzed at 405 nm (EL X 808; Bio-Tek Instruments Inc., Winooski, VT). The endpoint titer was determined as the last dilution to render a positive response, determined as 2 ϫ the mean optical density derived from sera from unimmunized mice.
Antigen stimulation assays. Single-cell suspensions from spleens were cultured at 2 ϫ 10 5 cells per well in duplicate in a 96-well plate (Corning Incorporated, Corning, NY) in RPMI 1640 supplemented with 5% heat-inactivated fetal calf serum and 50,000 units penicillin-streptomycin (Invitrogen). Cells were cultured in the presence of 10 g/ml crude MLCS. Culture supernatants were harvested after 72 to 96 h, and cytokine content was assayed for IFN-␥ production by ELISA performed according to the manufacturer's instructions (eBioscience, San Diego, CA). Enumeration of M. leprae cells in mouse footpads. The number of M. leprae cells in footpad homogenates was assessed by DNA amplification, using real-time PCR with previously described primers and probes (62) . Suspensions of nude mouse-derived M. leprae were used as a standard to establish relative numbers of M. leprae in tissues.
Statistics. P values were determined using Student's t test. Vaccine studies comparing acid-fast bacillus growth in mouse footpads were assessed using the Mann-Whitney rank sum test.
RESULTS
Suitability and selection of ML0276 as a vaccine candidate in mice. We recently described several recombinant M. leprae antigens that are recognized by PB leprosy patients (19) . To examine the potential of these antigens as vaccine candidates, we first queried if these antigens were meaningful during experimental infection and could therefore be used in mice. M. lepraereactive T-cell lines were generated by repeated stimulation of mouse spleen cells with a crude M. leprae antigen (MLCS). The antigen-specific responses of these T-cell lines were then evaluated by stimulation with the recombinant M. leprae antigens previously identified by IFN-␥ secretion from PB patient cells (ML0276, ML0840, ML1623, ML2044, and 46f) (19) . In agreement with our previous data generated with human samples, the antigens induced IFN-␥ secretion from the M. leprae-specific mouse T-cell lines (Fig. 1) . Among all four of the cell lines tested, ML0276 induced the highest levels of IFN-␥ secretion (15-to 70-fold over control level). These data indicate that M. lepraegenerated mouse T-cell lines are capable of recognizing similar antigens to those recognized by PB leprosy patients.
Immunization with ML0276/CpG induces Th1-like responses. Since ML0276 was the most immunogenic protein tested against both patient cells and mouse T-cell lines, we hypothesized that this protein possessed the greatest vaccine potential. To examine this vaccine potential, mice were immunized with ML0276 mixed with CpG (a TLR9 agonist). Although immunization with ML0276/CpG induced an antigenspecific antibody response, there was only a fourfold increase in serum antibody titer compared with that for mice treated with CpG only (Fig. 2a) . Spleen cells from immunized mice responded to antigen stimulation by secreting significant levels of IFN-␥, indicating the generation of a strong cellular response (Fig. 2b) . These data indicate that immunization with ML0276/CpG promotes a Th1-like response that could be protective against M. leprae infection.
Immunization with ML0276/CpG reduces local inflammation but not bacterial burden. To investigate if the cellular response generated by immunization could reduce disease severity, mice were immunized with ML0276/CpG before being infected in the ear with M. leprae. While unimmunized, infected mice developed enlarged DLN with a characteristic increase in cell numbers, this was not observed in mice that received either control vaccine (HKML) or experimental vaccine (ML0276/CpG) (Fig. 3a) . These data indicate that ML0276/CpG immunization can limit the local inflammatory reaction caused by M. leprae infection.
To determine if the reduction in lymphadenopathy correlated with a reduction in bacterial number, we employed Shepard's mouse footpad model to evaluate M. leprae growth following vaccination. Mice were immunized and then infected in the footpad, and bacterial numbers were determined 24 weeks later. As expected, unimmunized mice demonstrated outgrowth of bacteria, whereas mice that were immunized with HKML had a reduced bacterial burden. Surprisingly, mice that were immunized with ML0276/CpG did not control bacterial numbers and exhibited burdens similar to those of unimmunized mice (Fig. 3b) . These data indicate that despite limiting the local inflammatory reaction, vaccination with ML0276/ CpG is not sufficient to limit bacterial growth. Vaccination with ML0276 in conjunction with different TLR agonists alters the magnitude of the Th1-like response. In an effort to enhance the antigen-specific immune response to provide a response sufficient to limit bacterial growth, we compared the responses induced by immunization with ML0276 in conjunction with a variety of adjuvants that are ligands of different TLRs. We first compared the effects of immunizing mice with ML0276 in the presence of different TLR ligands on the anti-ML0276 IgG response. Immunization with ML0276 in combination with a TLR7 ligand (IMQ) or a TLR9 ligand (CpG) induced comparable Ig titers (Fig. 4a) . The use of a TLR4 ligand (EM005), however, enhanced the IgG response 10-fold over control (saline) levels. Further evaluation of the IgG subtypes indicated that immunizing with ML0276 and EM005 also induced a potent shift to a Th1-like profile, with an IgG2a/IgG1 ratio of 18.95 ( Fig. 4b; data not shown) . These results suggest that EM005 promotes a more potent Th1-like response against ML0276 than that obtained with either CpG or IMQ.
To further examine if ML0276/EM005 immunization promoted an antigen-specific Th1-like response, we evaluated the ability of spleen cells from immunized mice to produce IFN-␥ when cultured with ML0276. As expected, spleen cells from unimmunized mice did not respond to the antigen, while cells from immunized mice secreted IFN-␥. Cells from mice immunized with ML0276/EM005 secreted the highest levels of IFN-␥ (Fig. 5a ). More detailed analyses of these responses by flow cytometry revealed that antigen-experienced CD44 hi CD4
ϩ T cells were the dominant source of IFN-␥ (Fig. 5b ). Mice immunized with ML0276/EM005 possessed significantly larger populations of IFN-␥-producing cells than did mice immunized with ML0276/CpG or ML0276/IMQ (P Ͻ 0.05). These results indicate that although all of the vaccine formulations stimulated a Th1-like response against ML0276, the strongest response was induced by ML0276/EM005. These data suggest that immunization with ML0276/EM005 represents the best opportunity to limit both pathology and bacterial burden during M. leprae infection.
ML0276/EM005 immunization reduces disease pathology. Having established the most immunogenic vaccine regimen for ML0276, we hypothesized that the ML0276/EM005 regimen would limit experimental infection. To fully examine the relationship of effective immunization to protection, mice were immunized with antigen in saline or antigen in conjunction with adjuvant directed to either TLR4, TLR7, or TLR9 before being infected with M. leprae. DLN cell numbers were significantly increased in unimmunized mice following experimental infection, indicating that local pathology was not controlled (Fig. 6a) . In contrast, DLN cell numbers in mice immunized with ML0276/CpG, ML0276/IMQ, and ML0276/EM005 were not markedly increased following infection, suggesting that infection was controlled by vaccination of these mice, irrespective of the adjuvant used (Fig. 6a) . These data suggest that when used for immunization with an appropriate adjuvant, ML0276 can limit local inflammation associated with M. leprae infection.
To determine if the cellular response promoted by immunization was responsible for the reduction in inflammation observed in these mice, we transferred spleen cells from immunized donor mice to unimmunized recipient mice. The recipient mice were infected with M. leprae within a day of cell transfer, and DLN cell numbers were determined 15 weeks later. In contrast to cells from unimmunized or ML0276/CpGor ML0276/IMQ-immunized mice, cells from ML0276/EM005-immunized mice limited the lymphadenopathy induced by infection (Fig. 6b) . These data indicate that ML0276/EM005 vaccination generated a transferable memory response that could limit the local inflammatory response during experimental M. leprae infection.
Immunization with ML0276/EM005 does not reduce bacterial burden. Our results suggested that EM005 was a more appropriate adjuvant than the other tested adjuvants for elicitation of both ML0276-specific effector and memory cell generation and for reducing local inflammation during infection. To investigate if this adjuvant could limit bacterial growth, ML0276/EM005-immunized mice were infected with M. leprae in the footpad and bacillus numbers assessed 24 weeks later. Unexpectedly, even with a more potent vaccine regimen that can limit the local inflammatory response, and unlike immunization with HKML, ML0276 immunization did not decrease bacterial numbers compared with those in unimmunized mice (Fig. 6c) . Taken together, our data indicate that while ML0276 immunization can limit the local inflammatory response during experimental M. leprae infection, additional antigens are required to limit bacterial growth. (10, 48) . The adjuvant properties of CpG have been well characterized for a variety of species, and various CpG DNAs are being used in human clinical trials (8, 10, 30, 35, 60, 61) . In our study, ML0276/CpG-immunized mice exhibited a modest Th1 response that reduced the local inflammatory response. Our previous characterization of the rapid ear infection model identified a correlation between live M. leprae infection and the magnitude of the local inflammatory response (21) . It was therefore highly surprising that ML0276/CpG vaccination failed to control bacterial numbers. A similar phenotype has been described following M. bovis BCG vaccination of neonatal calves, where tuberculosis-associated pathology was reduced but bacterial colonization was not impacted (65) . These data indicate that despite the inability to control bacterial burden, the local inflammatory response can be limited following vaccination. This outcome would be highly beneficial to individual leprosy patients, as a common complication is uncontrolled inflammatory reactions (type 1 and type 2) that cause significant distress and worsening of nerve damage and occasionally result in hospitalization. However, at a population level, this outcome would likely not impact M. leprae transmission and would not reduce new case numbers.
Our data prompted us to evaluate if adjuvants that engage other TLRs could improve the potency of an ML0276 vaccine and thereby stimulate stronger Th1 responses with more potential to limit M. leprae growth (41) . Besides TLR9, agonists of TLR4 and TLR7/8 have been well characterized in experimental vaccine studies and are being employed in human clinical trials (10) . To engage TLR4, we used a synthetic TLR4 agonist (EM005) (7) that is related to the powerful yet nontoxic adjuvant monophosphoryl lipid A (MPL) (13, 28) . MPL has been used extensively as an adjuvant in clinical trials with parenterally administered vaccines (6, 13, 14, 28, 32, 47, 50, 63) . To engage TLR7, we used IMQ (29) . IMQ has demonstrated potent antiviral and antitumor properties in animal models and stimulates Th1 and cytotoxic T-lymphocyte responses (3, 10, 64) . In humans, it has been used widely as a topical cream to treat skin diseases (Aldara; 3M Pharmaceuticals), and the immunomodulatory properties are retained when IMQ is administered either orally, intraperitoneally, or intravenously (3, 4, 52) . Our data demonstrate that when administered with ML0276, IMQ induced similar serum IgG responses to those achieved when CpG was coadministered with the antigen. In contrast, EM005 potentiated the anti-ML0276 response to levels well above those achieved when either IMQ or CpG was used as adjuvant. In addition to stimulating greater levels of ML0276-specific IgG, EM005 promoted a strong shift in the antibody response to a Th1 profile, as demonstrated by an enhancement of the IgG2a/IgG1 ratio. This Th1-biased antibody profile was supported by an increased population of antigen-experienced, IFN-␥-producing CD4 T cells in mice immunized with ML0276/EM005. ML0276/EM005 not only stimulated a greater Th1 response than the other vaccines, but unlike the other vaccines, it also generated a response that could limit inflammation when transferred to recipient mice. Together, these data demonstrate that EM005 was able to generate strong and transferable antigen-specific immunity.
We were extremely surprised to find that despite ML0276/ EM005 inducing strong and transferable Th1 responses that could limit local inflammation, this vaccine regimen still did not reduce the bacterial burden when assessed in a long-term growth model. It is unclear why ML0276 immunization could not decrease the bacterial burden. ML0276 is transcribed during M. leprae infection in humans and mice and is clearly recognized by immune cells of leprosy patients and MLCSreactive T-cell lines of mice (19; D. Williams, personal communication). The functional classification of ML0276 is as a conserved hypothetical protein, and protein expression levels during infection are unknown. It may be that the ML0276 protein is not expressed consistently or is presented in insufficient amounts that do not permit identification of M. lepraeinfected cells. These data indicate that additional antigens are required to provide a vaccine that can reduce bacterial burden. We are currently striving to identify additional antigens that are recognized by leprosy patients and will evaluate these as vaccine candidates in mice to determine if they can limit both local inflammation and bacterial burden.
Some clinicians and researchers fear that immunization to boost inflammatory responses will lead to reversal reactions in leprosy patients. It is common practice in some countries, however, to reimmunize leprosy patients and their close contacts with BCG, even though the efficacy of this BCG reimmunization regimen is debated (17, 18, 57) . In addition, direct injection of IL-2 and IFN-␥ into leprosy lesions does not induce type 1 reactions, although prolonged intradermal IFN-␥ treatment of LL patients does increase the risk of type 2 reactions (erythema nodosum leprosum) (33, 55) . These results highlight the importance of preclinical evaluation of leprosy vaccines in animal models that present with inflammation at the infection site. Events seen in the immunocompetent mouse footpad and ear model systems following infection with M. leprae appear to be similar to those in indeterminate leprosy (16a, 21) . Indeterminate leprosy in humans is a disease manifestation characterized by small numbers of T-cell and other mononuclear cell infiltrates that partially control bacterial growth. Clinical descriptions of this form of leprosy indicate that approximately 50% of indeterminate lesions self-heal and clear infection. Therefore, infection of mice with live M. leprae provides legitimate models of immune-mediated inhibition of bacterial growth that can be boosted by immunization prior to challenge. Given these outcomes, the mouse model appears to be appropriate for leprosy vaccine assessments. Our data, obtained with mouse models, suggest that inducing inflammatory anti-M. leprae responses in uninfected individuals will be safe and will limit local inflammatory responses. Vaccination of individuals with subclinical infection or even of patients with The ideal vaccine against leprosy would induce a strong, long-lasting T-cell response directed against M. leprae that would both prevent disease and reduce bacterial transmission. The most common vaccine strategy has been to immunize individuals with BCG, conferring cross-protection against leprosy and tuberculosis. BCG vaccination to prevent leprosy has been efficacious, but the degree of protection has varied dramatically between studies (57). It is also likely that, as with tuberculosis, protection afforded by BCG vaccination against leprosy wanes over time. A defined subunit vaccine would appear well suited to provide a second, long-lasting line of protection. A potent adjuvant that facilitates a strong inflammatory response against the antigenic components of a subunit vaccine, such as EM005, is also likely to be critical for protection against intracellular pathogens such as M. leprae.
Our data suggest that vaccination with ML0276, by limiting infection-induced inflammation, may be beneficial to individuals but would not impact M. leprae transmission. We are currently identifying additional proteins that are recognized by PB leprosy patients and evaluating the potential of these antigens to limit bacterial growth.
